This research includes the synthesis of some new N-Aroyl-N \ -Aryl thiourea derivatives namely: N-benzoyl-N \ -(p-aminophenyl) thiourea (STU1), N-benzoyl-N \ -(thiazole) thiourea (STU2), N-acetyl-N`-(dibenzyl) thiourea (STU3). The series substituted thiourea derivatives were prepared from reaction of acids with thionyl chloride then treating the resulted with potassium thiocyanate to affored the corresponding N-Aroyl isothiocyanates which direct reaction with primary and secondary aryl amines, The purity of the synthesized compounds were checked by measuring the melting point and Thin Layer Chromatography (TLC) and their structure, were identified by spectral methods [FTIR, 1 H-NMR and 13 C-NMR].These compounds were investigated as a corrosion inhibitor for carbon steel in 1M H2SO4 solution using weight loss, potentiostatic polarization methods; the obtained results showed that the substituted thioureas retard both cathodic and anodic reactions in acid media, by virtue of adsorption on the carbon steel surface. This adsorption obeyed Langmuir's adsorption isotherm. The inhibition efficiency of (STU1-3) is ranging between (60-95)%. By using different (STU3) derivative concentration and temperature, the carbon steel corrosion rate was decreased with increasing (STU3) concentration and the highest inhibition efficiency reach to 98.5% by using 5×10 -4 M (STU3) concentration at 338 K, the inhibition efficiency increases with increasing temperature in the range of (308-338)K.
Introduction
Carbon steel is a very prominent material of construction and frequently comes in contact with aqueous solution, which may be acidic in nature, as a part of industrial process [1] . The study of corrosion of steel in acid media is of both academic and industrial significance that has received considerable attention [2, 3] . Acid solution are widly used in industry, the most important fields of application being acid pickling, industrial acid cleaning, acid descaling, gas and oil well acidizing [4] . Acids are also used in numerous manufacturing processes in different industries [5] . Most of the efficient inhibitors used in industry are organic compounds [6] . The addition of inhibitors to the acid media has been found to be cost-effective way of mitigating metallic corrosion under conditions of moderate acid concentration and temperature [7] . The effect of temperature on the inhibiting process is of great importance in industry. Most of the well-known acid inhibitors are compound containing heteroatom phosphorus, sulfur, nitrogen and oxygen, which are capable of retarding metallic corrosion [8] . Generally, N-containing inhibitor functions more efficient in HCl, while S-containing inhibitor in H2SO4 [9] . Furthermore, the compounds containing both N and S can provide excellent inhibition, compared with compounds containing only N or S [10] . There are many investigations about thiourea and various thiourea derivatives as good inhibitors of the corrosion of iron or steel in HCl [11] [12] [13] , H2SO4 [14] [15] [16] , HNO3 [17] , HClO4 [18] , H3PO4 [19] . Such compounds can adsorb on the surface of the metal, blocking the active centers on the surface and thus reduces the corrosion rate [20] . The inhibition performance of organic inhibitors is due to physisorption and/or chemisorption on the surface of the metals [21, 22] .
In this research some new thiourea derivatives (STU1-3) were synthezied; then evaluated as corrosion inhibitors for carbon steel in 1M H2SO4 solution. weight loss and potentiostatic polarization have been used to determine; surface coverage (θ), inhibition efficiency (% IE) and the inhibitor adsorption isotherm on carbon steel in the corrosive media.
Experimental Instruments
Melting points were measured with a Gallen Kamp melting point apparatus. Model the FTIR-spectra of compounds were recorded on a Shimadzu FTIR-8300 spectrophotometer using KBr disc.
1 HNMR and 13 CNMR spectra were recorded on Bruker spectro spin ultra-shield magnets 300 MHz instrument, using DMSO-d 6 as solvent and TMS as internal reference. The Weight loss were measured with Sartorius Ag. Gottigen BL210S (Germany) Electronic precision balance and preions metal scale with capacities ranging 0.1mg to 12kg. Polarization measurements were conducted using advanced potentiostat winking MLab-200 (2007) [Bank ElektronikIntelligent controls GmbH] with all accessories, a three electrodes cell were used. The working polished carbon steel electrode with exposed area 1 cm 2 was dipped in the test solution. A saturated calomel electrode (SCE) and a platinum electrode were used as the reference and the counter electrodes, respectively. All potentials were measured vs. SCE.
Chemicals
All Starting chemical compounds were obtained from Fluka and Aldrich or BDH.
synthesis of N-Aroyl-N \ -Aryl thiourea derivatives (STU1-3) [ 
23]
A solution of acid chloride was synthesized according to literature procedure (0.01 mole) dissolved in dry acetone (30 ml) was added dropwise to a suspension of potassium thiocyanate (0.01 mole,0.9710gm) in dry acetone (30 ml), the reaction mixture was refluxed for 1hr. After cooling to room temperature,a solution of primary and secondary aryl amines (0.01 mole) in dry acetone (20 ml) was added and the resulting mixture refluxed for 3-4 hrs., then the reaction mixture was poured into cold water and the precipitated thioureas were recrystallized aqueous ethanol or ethanol, to afford the pure compounds (STU1-3).Some of the measured physical properties of the dry products are listed in Table (1) . (80, 150, 220, 240, 320, 400, 1000, 1200 and 2000) in sequence. After polishing the specimens were washed with distilled water and finally dried.
Weight loss method
Weight loss was carried out in a glass vessel containing 75 ml test solution. A clean weighed carbon steel specimen was completely immersed at an inclined position in the vessel. After a period of time up to 5 hour at 303±1 k of immersion in 1M H2SO4 with and without addition of inhibitor (STU1-3), the specimen was withdrawn, rinsed with distilled water, washed with acetone, dried and weighted using the analytical balance. The average weight loss for each two identical experiments was taken and expressed in (g/m 2 .d).
Potentiostatic polarization study
The electrode potential was allowed to stabilize 15 min before starting the measurements. Tafel polarization curves were obtained by changing the electrode potential automatically from -200 mV versus open circuit potential (OCP) to +200mV versus OCP with scan rate of 2.0 mV s -1 . All experiments were conducted at 308±1K.Inhibitor concentration of (1.7×10 -4 , 3.5×10 -4 , 5×10 -4 )M were examined. Tafel lines of potential versus, Icorr in a logarithm scale were plotted and corrosion current density (Icorr) and corrosion potential (Ecorr) were determined in the absence and presence of inhibitor.
Corrosion inhibitors synthesis
Most of the hetero compounds are very important organic compound having wide spectrum of corrosion inhibitors of carbon steel in acid media. The initial mechanism in any corrosion inhibition process is the adsorption of the inhibitor on the metal surface and can be facilitated by the presence of hetro atoms such as (N,O,P and S) [8] . Therefore, there is need for preparation of new organic compounds containing (N and S) atom for used as a corrosion inhibitors. The synthetic sequence leading to the thioureas(STU1-3) show in Scheme (1). All thioureas (STU1-3) were synthesized according to the method in previous paper [23] with minor modifications.
The obtained yields ranging from (59-88)%. The synthesis involves acids converted into corresponding acid chlorides by treatment with thionyl chloride according to standard procedure. The acid chlorides were treated with an equimolar quantity of potassium thiocyanate in dry acetone to afford the corresponding isothiocyanates intermediates which were direct addition of an equimolar of primary and secondary aryl amines in dry acetone to isothiocyantes furnished the N-Aroyl-N \ -Aryl thiourea derivatives (STU1-3). The reaction proceeds via a nucleophilic addition of the amine to the isothiocyanates, and the end point of the reaction was examined by TLC. The structure of these compounds (STU1-3) were confirmed by physical properties are listed in Table ( [9] [10] ppm. The low-field shift of the signal for the imine proton for synthesized compounds can be attributed to the deshielding effect of the electron-withdrawing carbonyl and thiocarbonyl group. 13C-NMR spectra data were listed in Table ( 3), spectrum showed the peaks at about δ 182.7-178.1 and 168.1-164.3 for C=S (thioamide) and C=O (amide), respectively. 
Weight loss measurements
The gravimetric measurements of carbon steel immersed in 1M H2SO4 in the absence and presence of different inhibitors of thiourea derivatives (STU1-3) were investigated and determined after 4 hour of immersion time at 303 K, 3.5×10
-4 M concentration of these inhibitors was chosen to compare the inhibition efficiency of the three compounds, weight loss of carbon steel samples are decreased in the present of the three compounds. This means that these compounds retards the corrosion of carbon steel in 1 M H2SO4 or in other words, these compounds act as inhibitors. The corrosion rate of carbon steel was determined using the relation: Table (4) . According to this data, it is clear that using 3.5×10
-4 M of all thiourea derivatives reduces the corrosion rate of carbon steel in sulfuric acid solution, the order of inhibition efficiency (% IE) of investigated thioureas is as follows: STU3> STU2> STU1. 
Polarization measurements
Potentiostatic polarization curves were plotted for the corrosion of carbon steel in 1M H2SO4 solution in the absence and presence of 3.5×10 -4 M thioureas (STU1-3) at 308 K as shown in (Fig. (1) ). A linear region with apparent Tafel was observed, the cathodic reaction was activationcontrolled and the addition of the compounds tested decreased the current densities in large anodic and cathodic domains of potential. This result indicated that the compounds studied acted as mixed-type inhibitors. Generally, the addition of mixed inhibitors in solution does not change corrosion potential significantly because they inhibit both the anodic and cathodic reactions. Small changes in potentials can be a result of the competition of the anodic and the cathodic inhibiting reactions, and of the metal surface condition [26] . The values of various electrochemical parameters are summarized in Table ( 5), the percentage inhibition efficiency (% IE), and a parameter surface coverage (θ) which represents the part of the surface covered by the inhibitors molecules, for the corrosion of carbon steel were calculated as follows [27] . Where Icorr and Icorr(inh) are the corrosion currents densities in the absence and in presence of the inhibitor,respectively which determined by extrapolation of the cathodic and anodic Tafel lines to corrosion potential (Ecorr).From Table (5) , it was clearly seen that cathodic slope were found similar indicating that the reduction of hydrogen did not modified in the presence of the inhibitors tested.Thus, the presence 3.5×10 -4 M of thioureas led to decrease in the values of Icorr, which was particularly significant in the case of( STU3). 
Effect of inhibitor (STU3) concentration
Effect N-acetyl-N \ -(dibenzyl) thiourea (STU3) was investigated in the concentration range (1.7×10 -4 -5×10 -4 )M. (Fig. (2) ) shows the Tafel polarization value of carbon steel immersed in 1M H2SO4 at 308 K with and without (STU3) inhibitor. polarization parameters such as corrosion potential (Ecorr), cathodic and anodic Tafel slopes (βc and βa) and corrosion current density (Icorr) were extracted by extrapolating the anodic and cathodic branches of Tafel curves at potentials beyond the region of Ecorr ±200 mV, and are listed in Table (6) . From the results collected in Table (6) , it can be seen that by increasing the inhibitor concentration, the corrosion rate is decreased in acid media and inhibition efficiency increased as shown in Fig.(3) . Therefore, it can be concluded that they impede the corrosion by merely blocking the reaction sites on carbon steel surface without interfering the anodic and cathodic reactions. Moreover, this inhibitor cause no significant changes in the anodic and cathodic Tafel slopes, this suggest that this inhibitor behave as a mixed-type inhibitor. Indicating that the inhibitor can be classified as adsorptive-type [26] . 
Adsorption isotherms
Basic information on the interaction between inhibitors and metal surface can be provided using the adsorption isotherms [28] . The adsorption of an organic adsorbate at metal-solution interface can occur as a result of substitutional adsorption process between organic molecules presented in the aqueous solution (Org(sol)), and the water molecules previously adsorbed on the metallic surface (H2O(ads)) [29] :
Org(sol) +xH2O(ads) = Org(ads) +xH2O(sol) .......... (4) where Org(sol) and Org(ads) are the organic species in the bulk solution and adsorbed one on the metallic surface, respectively,H2O(ads) is the water molecule adsorbed on the metallic surface and x is the size ratio representing the number of water molecules replaced by one organic adsorbate. In order to obtain the adsorption isotherm, the degree of surface coverage, θ, for different concentrations of inhibitor in 1M H2SO4 solution has been evaluated by equation (5). The θ values are presented in Table ( Where Kads is the equilibrium constant of the inhibitor adsorption process. A straight line is obtained on plotting C/θ versus C as shown in Fig. (4) . The linear correlation coefficient (r 2 ) is equal to (r 2 =0.9988-1) and the slope is very close to 1, indicating the adsorption of synthesized inhibitor (STU3) on the carbon steel surface obeys the Langmuir adsorption isotherm. The high correlation facter (r 2 ) of the Langmuir adsorption isotherm may confirm the validity of this approach. The equilibrium constant (Kads) for the adsorption-desorption process of tested inhibitor can be calculated from reciprocal of the intercept. The adsorptive equilibrium constant (Kads) values are listed in Table ( 6) where R is the gas constant, T is the absolute temperature and the value 55.5 is the concentration of water in solution expressed in M, Kads is the equilibrium constant of the inhibitor adsorption process .Values of ∆Gads are listed in Table (7) . The values of ∆Gads negative sign are usually characteristic of a strong interaction and a high efficient adsorption. Generally, values of ∆Gads around -20 kJ mol -1 or lower negative are consistent with the electrostatic interaction between the charged molecules and the charged metal (physisorption). Whereas, the more negative values than -40 kJ mol -1 involve charge sharing or transfer from the inhibitor molecules to the metal surface to form a coordinate type of bond (chemisorption) [32] . Calculated ∆Gads values indicate that the adsorption mechanism of the synthesized inhibitor on carbon steel in 1M H2SO4 solution is chemical adsorption. 
Effect of temperature
The change in the rate of the corrosion process with temperature was studied in 1 M H2SO4 with and without (STU3) inhibitor at various concentrations (1.7×10 -4 -5×10 -4 )M. The aim was to evaluate the apparent activation energy and the pre-exponential Factor (A) of the corrosion process. This was carried out by studying the temperature dependence of the corrosion current obtained with the potentiostatic polarization method. The polarization exhibits Tafel behaviour. The Polarisation curves which are not presented here show that both the anodic and cathodic polarizations decrease upon heating while Icorr increases. Several electrochemical Parameters were calculated from these curves and the results are summarised in Table (8) . Icorr increases upon heating both in uninhibited and inhibited solutions. The Efficiency of STU3 increases with temperature increase in the studied temperature range. The fact that (%IE) increases with temperature was considered by Ivanov [33] as due to Change in the nature of the adsorption mode. The inhibitor is physically adsorbed at lower temperatures, while Chemisorption is favoured at higher temperatures Fig. (5) . Although the adsorption process was sufficiently elucidated by the thermodynamic model, the kinetic model is another way to explain the mechanism of corrosion inhibition. The corrosion reaction can be regarded as an Arrhenius modified Arrhenius equation [28] Where icorr is the corrosion current density, is the apparent activation energy of the corrosion reaction, R is the gas constant, T is the absolute temperature and A is the Arrhenius pre-exponential factor. Fig.(6) presents the Arrhenius plots of the natural logarithm of the current density vs 1/T, for 1M solution of H2SO4, in presence and absence of different concentrations of compound (STU3).
Values of and A for the corrosion reaction in the absence and presence of different concentrations of the (STU3) inhibitor are calculated by a linear regression method and given in Table (9) . It is found that the activation energy is lower in the presence of inhibitor than in its absence.
Enthalpy and entropy of activation (∆H (8) where h is Planck's constant, NA is Avogadro's number, R is the universal gas constant, is the enthalpy of the activation and is the entropy of activation. Plotting of log (icorr/T) against 1/T, (Eq. (8)), for carbon steel in 1M H2SO4 in the absence and presence of different concentrations from the synthesized inhibitor, gives straight lines as shown in Fig. (7) . Data in Table ( Table (9). decreases with increasing the synthesized inhibitor (STU3) concentration. It is obvious that concentration of the synthesized inhibitor is playing a role in decreasing the activation energy value, thereby indicating a more efficient inhibiting effect. The decrease in with the synthesized inhibitor concentration is typical of chemisorption process [35] . This was attributed by Hoar and Holliday [36] to a slow rate of inhibitor adsorption with a resultant closer approach to equilibrium during the experiments at the higher temperature. But, Riggs and Hurd [37] explained that the decrease in activation energy of corrosion at higher levels of inhibition arises from a shift of the net corrosion reaction from that on the uncovered part on the metal surface to the covered one. Schmid and Huang [38] found that organic molecules inhibit both the anodic and cathodic partial reactions on the electrode surface and a parallel reaction takes place on the covered area, but that the reaction rate on the covered area is substantially less than on the uncovered area like that in this work Table (9) . According to Eq. (7) low values of A and high values of lead to lower corrosion rates. For the present study, is lower in the presence of (STU3). Therefore, the decrease in the steel corrosion rate is decided by the pre-exponential factor A, which reflects the effect of the variation of entropy during activation. It was found that A and consequently significantly decreased with inhibitor concentration reducing the corrosion rate of the steel. As a result, the corrosion rate of steel decreased with increasing inhibitor concentration. Clearly, the reduction of A is an important factor that determines the corrosion rate of steel in 1M H2SO4 in the presence of (STU3). Generally one can say that the nature and the concentration of electrolyte affect greatly the activation energy for the corrosion process.
The positive signs of the enthalpy reflect denoting that transition state (the activated complex) is endothermic process. Negative values of entropies and addition to the value of decreases gradually with increasing the synthesized inhibitor concentrations imply that the activated complex in the rate determining step represents an association rather than a dissociation step. This meaning that a decrease in disordering takes place on going from reactants to the activated complex [39, 40] . 
